Introduction
Distraction osteogenesis (DO) is a biologic process of new bone formation between bone segments that are gradually separated by incremental traction (Samchukov, 2001) . McCarthy et al. (1992) applied DO for the first time to correct craniofacial skeletal problems for mandibular advancement. Following this study, DO has been applied frequently, particularly in cases with mandibular hypoplasia (Cope et al., 1999) . Block and Brister (1994) introduced the advancement of the premaxilla with a tooth-implant supported distraction device after anterior segmental osteotomy in dogs. Following this study Block et al. (1995) applied a tooth-borne distraction device for the advancement of the premaxilla in dogs. According to the result of this study, dental movement was greater than skeletal movement. Altuna et al. (1995) advanced the premaxilla with DO in primates and concluded that DO is a useful method for treating midface retrusion. In 1997, Yamamoto et al. and Block et al. advanced the anterior maxilla with an implant supported distraction device in dogs without any complications.
Following these animal studies (Block and Brister, 1994; Block et al., 1995; Altuna et al., 1995; Yamamoto et al., 1997; Block et al., 1997) , the clinical application of the advancement of the premaxilla or the anterior maxilla in cleft and non-cleft subjects was reported. One non-cleft subject was presented in each case report with tooth-borne distraction devices for anterior crossbite correction due to maxillary deficiency (Dolanmaz et al., 2003; Bengi et al., 2004; Gualini, 2007) . In the case reports of unilateral cleft lip and palate subjects, one subject was treated with a boneborne (Karakasis and Hadjipetrou, 2004) and two subjects were treated with a tooth-borne distraction (Gunaseelan et al., 2007) device. In all subjects, cleft and non-cleft, the forward movement of the entire anterior maxillary segment was obtained without any complication.
The dentofacial effects of anterior maxillary advancement were evaluated in non-cleft (Bengi et al., 2007; Ho et al., 2008) and cleft case (Richardson et al., 2011) series. In these case series cephalometric evaluation was performed to observe hard and soft tissue changes. Soft tissue profile improvement and arch lengthening were reported. The disadvantage of the small sample size was emphasized (Bengi et al., 2007; Ho et al., 2008) .
The aim of the present study was to evaluate the effects of premaxillary advancement with DO following anterior segmental osteotomy on the skeletal, dental and soft tissues in 19 non-cleft subjects.
Subjects and methods
Ethical approval was obtained from the Medical Faculty Ethics Committee of the University of Ondokuz Mayis (EK: 349) and all patients and their guardians consented to participate in this study after receiving verbal and written explanations.
A total of 21 cases with skeletal class III, due to premaxillary deficiency, were included. A negative overjet or edge-to-edge incisor relationship, Angle class I molar relationship, retrusive upper lip and crowding from canine to canine were diagnosed by a clinical examination. Due to patient relocation during fixed orthodontic treatment the results of 19 patients (9 females, 10 males) were reported. Their mean chronological age was 16.18 ± 3.10 years.
Before distraction (T1), after consolidation period (T2) and fixed orthodontic treatment (T3) extra-and intra-oral photographs, lateral cephalograms, panoramic, occlusal and periapical radiographs, and orthodontic models were obtained from all cases (Figure 1) .
Construction of the distraction appliance
Four maxillary incisors were banded with 0.13 × 4.60 mm orthodontic band material (GAC International, Inc. Japan) to serve as the anterior anchorage unit. The left and right first molars, first and second premolars were banded with prefabricated bands (American Orthodontics, Sheboygan, Wisconsin, USA) and impressions were taken. A stainless steel wire with a diameter of 0.8 mm was bilaterally soldered to the buccal surfaces of the first molars and premolars to serve as the posterior anchorage unit. The expansion screws (Leone SpA, Firenze, Italy) were bilaterally soldered between anterior and posterior anchorage units. During this procedure, these screws were positioned parallel to the occlusal plane of the premolars and molars and located at the deepest point of the palatal region to approximate the line of force to the centre of resistance of the premaxilla. A transpalatal arch was constructed with 1.3 mm stainless steel wire and soldered between the first molar bands. A Nance button was used to support the advancement of the premaxilla (Figure 2 ). 
Surgery
All operations were carried out under general anaesthesia by the same surgeon. A vestibular horizontal incision was made approximately 5 mm above the attached gingiva between the first premolars. The mucoperiosteal flap was dissected superiorly and the inferior surface of the anterior maxilla, the piriform margin, and the anterior floor of the nose were exposed. At the palatinal region a double sided sulcular incision including the canine and first premolar was performed to separate the palatinal mucosa from the hard palate. The vertical osteotomy lines were marked using a small round burr and completed with a surgical saw. Buccal maxillary, lateral nasal bone, interdental, and palatal osteotomies were made and joined with each other with the guidance of the vertical osteotomies (Figure 3 ). Then the anterior maxilla was mobilized. Immediately after closing the wound with 3-0 silk suture material, the distraction appliance was cemented. The patients were prescribed antibiotic (amoxicillin, 1 g twice daily), analgesic (flurbiprofen, 100 mg twice daily), and mouth rinse (chlorhexidine gluconate 0.12 per cent twice daily) for the postoperative period of five days.
A cold press for 2-3 hours was applied to all patients to reduce oedema and haematoma. To prevent haemorrhage a nasal tampon was inserted into each nostril. These nasal tampons were removed after 2-3 hours.
Distraction protocol
After a latency period of one week the screws were activated 0.4 mm twice a day (0.8 mm/day). In all patients, advancement of the premaxilla was stopped with overjet correction. At the end of a 5 week consolidation period (Figure 4 and 5), the distraction appliance was removed and fixed orthodontic treatment was started. The non-extraction treatment was successfully completed within a period of 1,87 ± 0.56 years in all patients ( Figure 6 ).
Cephalometric analysis
Lateral cephalometric tracings of T1, T2, and T3 were superimposed on the cranial base. The changes in the cephalometric landmarks in the sagittal plane between the three tracings were measured by a Cartesian co-ordinate system. Constructed Frankfurt Horizontal (CFH) was used as the horizontal reference line, x-axis. This line was drawn with an angle of 7 degrees to SN line at Sella point. A perpendicular line, passing through Sella, to the x-axis served as the y-axis (Vertical Reference Line-VRL). Forty-one cephalometric variables (15 skeletal, 9 dental, and 17 soft tissue) were used to evaluate changes of the dentofacial structures and the soft tissue profile ( Figure 7 ). All cephalometric tracings and measurements were accomplished by one author (FC).
Statistical analysis
Since the data did not show a normal distribution, Friedman (P < 0.05) and Wilcoxon (P < 0.016) tests were applied to determine the significant differences for hard and soft tissue changes during T1-T2, T2-T3, and T1-T3 periods. Six weeks after the first measurements, tracings and calculations of 15 subjects were repeated by the same author. Intraclass correlation coefficients were within 0.93-0.98. 
Results
Mean values of hard tissue (skeletal and dental) and soft tissue angular and linear measurements at T1, T2, and T3 are given in Table 1 . Mean changes during distraction (T1-T2), fixed orthodontic treatment (T2-T3) and total treatment (T1-T3), and significance of these mean changes are presented in Table 2 .
T1-T2 changes
Anterior movements of points ANS (VRL-ANS), A (SNA, VRL-A, and FH ⊥ N-A), and upper incisors (VRL-U1 and U1/SN) were significant. At the same time a significant upward movement of points ANS (CFH-ANS) and A (CFH-A) was observed.
Significant increase of ANB angle and overjet were measured. The decrease of overbite was significant. Significant increases for SN/Go-Gn and ANS-PNS/Go-Gn angles were found. The maxillary plane angle (SN/ANS-PNS) decreased significantly. Increase of anterior (N-Me) and posterior (S-Go) face heights were significant.
Anterior movement of point pro-nasale (VRL-Pn), upper lip (Ls-E line, VRL-Sn, VRL-Ss, and VRL-Ls), and lower lip (Li-E line) were significant. Upper lip length [ULL (Sn-St)] displayed a significant increase. Furthermore, a significant decrease for upper lip thickness (Ls-U1) was found. Arch length exhibited a significant increase of 10.76 mm.
T2-T3 changes
During fixed orthodontic treatment the decreases of SNA angle and FH ⊥ N-A distance were significant. Thus, ANB angle showed a significant decrease. Furthermore, inferior movements of points ANS (CFH-ANS) and A (CFH-A) were significant.
The maxillary plane angle (SN/ANS-PNS) and maxillomandibular angle (ANS-PNS/Go-Gn) demonstrated significant changes. Increase of anterior (N-Me) and posterior (S-Go) face heights were significant.
Anterior tipping (U1/ANS-PNS and U1/SN) and inferior movement (CFH-U1) of upper incisors were significant. Upper molars showed significant anterior (VRL-U6) and inferior (CFH-U6) movement. A significant decrease of overjet and an increase of overbite were obtained. 
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Anterior movement of point pro-nasale (VRL-Pn) and lower lip (VRL-Li) were significant. Furthermore, lower lip length [LLL (St-Me)] showed a significant increase. The distance between upper lip and E line displayed a significant decrease (Ls-E line).
T1-T3 changes
During the total treatment time, anterior movements of points ANS (VRL-ANS), A (SNA, VRL-A, and FH ⊥ N-A) and upper incisors (VRL-U1, U1/ANS-PNS, and U1/SN) were significant. Significant increase of ANB angle was noted.
Increase of anterior (N-Me) and posterior (S-Go) face heights were significant.
Inferior movement of upper incisors (CFH-U1), inferior and anterior movements of upper molars (CFH-U6 and VRL-U6) were observed. A significant increase of overjet was measured.
Anterior movement of point pro-nasale (VRL-Pn), upper lip (Ls-E line, VRL-Sn, VRL-Ss, and VRL-Ls) and lower lip (VRL-Li) were significant. Upper lip thickness (Ls-U1) showed a significant decrease. Lengths of upper [ULL (Sn-St)] and lower [LLL (St-Me)] lips displayed a significant increase.
Discussion
There are a limited number of studies concerning the cephalometric changes following the advancement of the premaxilla or the anterior maxilla with intra-oral distraction devices (Bengi et al., 2007; Ho et al., 2006 and 2008; Wang et al., 2009; Richardson et al., 2011) .
In the present study, an individual tooth-borne device was used for distraction. A tooth-borne device was preferred due to their lower morbidity, less traumatic effect and less risk of wound complications (Ho et al., 2006; Bengi et al., 2007) . Furthermore, tooth-borne devices have several advantages: they are easier to apply, do not require a second operation for removal and facilitate force vector control (Ho et al., 2006; Gunaseelan et al., 2007) .
The results indicated that the anterior movement of upper incisors was greater than that of bone (ANS and A points) during distraction. This implies anterior (counterclockwise) rotation of the premaxilla during advancement. The distraction appliance was a tooth-borne device, and the line of action of force was below the centre of resistance of the premaxilla. Thus, the anterior rotation of the premaxilla was inevitable. An anterior rotation of the premaxilla was also reported in other studies which applied a tooth-borne distraction device (Bengi et al., 2007; Gunaseelan et al., 2007; Ho et al., 2006 and 2008) . This anterior rotation of the premaxilla resulted in a decrease of overbite. During fixed orthodontic treatment overbite returned close to the original value due to the extrusion of upper incisors.
In the present study, the increase of SNA and ANB angles was due to the anterior movement of A point during distraction. These changes of SNA and ANB are in accordance with the results of Bengi et al. (2007) and Ho et al. (2006 and 2008) . Moreover, the upward movement of the anterior nasal spine was obtained. This upward movement resulted in a decrease of the angle between the palatal plane and the cranial base (Bengi et al., 2007; Ho et al., 2008) . During fixed orthodontic treatment ANS and A points demonstrated a non-significant posterior movement. Nevertheless, the parameters related to A point (SNA and FH ⊥ N-A) showed a significant decrease. The anterior movement of nasion should be considered in this significant decrease. When the parameters related to point A and ANS were evaluated for the total treatment time, the forward movement of these parameters was statistically significant. Bengi et al. (2007) reported non-significant relapse of the skeletal, dental, and soft tissue parameters after the consolidation period. Whereas, Ho et al. (2006) did not report any posterior movements of ANS and A points after a 3 year follow-up.
Not much is known about the the effect of premaxillary advancement with DO on subsequent facial growth in growing subjects (Ho et al., 2006) . It was stated that some antero-posterior growth might be expected when the nasal septum remains attached to the stable palate and only the dentoalveolar structures are mobilized (Wolford et al., 2001) . In the study by Ho et al. (2006) maxillary forward growth (0.17 mm/year) was observed after premaxillary advancement with DO during a 3 year follow-up period. In the present study the observation period was limited to fixed orthodontic treatment, which was performed immediately after the consolidation period. To observe the effects of this procedure on maxillary growth a longer follow-up period is necessary. In the present study, the skeletal movement (A point) was 62 per cent (4.41 mm/7.12 mm) of the incisor movement during distraction. This ratio was 70 per cent in the study by Ho et al. (2008) . Block et al. (1997) stated that the ratio of skeletal movement was 85 per cent with a boneborne device and 30 per cent with a tooth-borne device. Nevertheless, Dolanmaz et al. (2003) reported an equal movement of teeth and bone. In the present study, this ratio decreased to 44 per cent due to the posterior movement of point A after fixed orthodontic treatment. This difference between skeletal and incisor movement manifested itself as a proclination of upper incisors.
Maxillary retrusion cases can be treated with maxillary protraction. Another possible treatment modality is the advancement of the maxilla with Le Fort I osteotomy. The protraction of the maxilla with face mask or Le Fort I osteotomy can correct the skeletal situation; however, cannot solve the crowding from canine to canine. Furthermore, protraction of the maxilla would disturb the Angle class I molar relationship, which was one of the inclusion criteria for the present study. With the protraction of the maxilla with face mask or Le Fort I osteotomy the additional extraction of premolars is often needed to solve the dental crowding. Moreover, the Le Fort I osteotomy is performed when the Table 2 Significance of mean changes of skeletal, dental, and soft tissue variables. ns, non-significant; *P < 0.016 **P < 0.0033 ***P < 0.00033. patients reach adulthood. During this waiting period some young adolescents might be exposed to teasing due to their soft tissue profile and pathologic occlusion, which might have an impact on their psychosocial development. In the present study the advancement of the premaxilla with DO in young adolescents corrected the soft tissue profile, simultaneously solved crowding without extraction and preserved the Angle class I molar relationship. Anterior movement of the premaxilla led to an anterior movement of the soft tissue including nose tip and upper lip during distraction. These soft tissue changes presented an improvement in the soft tissue profile (Ho et al., 2006; Bengi et al., 2007; Richardson et al., 2011) . This anterior movement gradually increased from pro-nasale (Pn) to upper lip (Ls) indicating that the soft tissue followed the movement of the underlying hard tissue. Ho et al. (2006) reported that soft-tissue A point followed the hard-tissue A point with a ratio of 0.8-1. In the present study the softtissue A point followed the hard-tissue A point with a ratio of 0.9-1. Soft tissue oedema of the upper lip after a 5 week consolidation period might have been responsible for this higher ratio.
During fixed appliance treatment the anterior movement of the soft tissue including nose tip, upper lip, lower lip, and chin continued. Although the underlying hard tissue did not anteriorly move, this anterior movement of the nose, upper lip, lower lip, and chin is attributed to growth during the adolescent period (Vahdettin and Altuğ, 2012) . Ho et al. (2006) reported an anterior movement of point pro-nasale and soft tissue A point after a 3 year follow-up.
The osteotomy site on the alveolar crest of the lengthened maxilla regenerated completely. The arch length increase (10.76 mm) was used to solve crowding either with the movement or with the eruption of the canine teeth into the regenerated bone (Bengi et al., 2007; Gunaseelan et al., 2007; Ho et al., 2008; Richardson et al., 2011) .
During the distraction period, some complications occurred. In the first four cases, mild gingival papilla loss was seen. After this complication, the type of incision on the palatal region was changed. In the remaining 17 cases this complication was not observed. In one case the impacted canine had to be extracted due to the external root resorption.
Conclusion
In all cases anterior crossbite was corrected with the anterior movement of the premaxilla. Soft tissue facial profile improved with the anterior movement of the nose and upper lip.
This procedure provides an alternative to treat cases with class I molar and premolar relationship and anterior crossbite due to a retrusive premaxilla. Furthermore, the increase of maxillary arch length was obtained with minor surgery.
